ABSTRACT The effectiveness of rice protein coatings or mineral oil on maintaining interior quality and eggshell breaking strength of fresh eggs was evaluated during storage at 20
INTRODUCTION
Eggs are an excellent protein source and are among the most nutritious foods consumed on a daily basis (Yuceer and Caner, 2014) because they are rich in vitamins, minerals, fatty acids, and proteins of excellent biological value (Rêgo et al., 2014) . However, eggs are a perishable product and should be kept refrigerated from production to consumption. In 2016, the world egg production reached approximately 96 million dozen or the equivalent 1.5 billion pounds (USDA, 2018) , from which approximately 39 billion units was produced in Brazil. The per capita consumption of eggs by the Brazilian population increased from 182 eggs in to 190 eggs in 2016 (ABPA, 2017 . In Brazil, 92% of the eggs marketed in natura are exposed to room temperature and cooled only in the consumer's home (Oliveira and Oliveira, 2013) . Therefore, the shelf-life of eggs in relation to their physical-chemical and microbiological quality will depend on several this context, the rice by-products deserve highlight due to its availability in many countries, such as Brazil, where rice harvested from February to August (2017) has been estimated at a bumper level of 12.3 million tonnes (FAO, 2017) . Studies describe the use of rice protein as a feedstock for the preparation of an edible coating for food products (Dias et al., 2010; Das et al., 2013) . The use of rice bran oil was also studied and previous research suggests its effect in preserving the internal quality of raw eggs (Nongtaodum et al., 2013) . However, no reports of the use of rice-protein-based coatings for eggs were found. The aim of the study was, therefore, to evaluate the internal quality, resistance, and morphological changes of eggshell after application of rice protein coating of different concentrations in eggs after 8 wk of storage at ambient conditions (20 • C).
MATERIAL AND METHODS
Four hundred and thirty-two non-fertile eggs, freshly laid (1 day old) from ISA Brown hens, were supplied by a commercial farm (Rio Grande do Sul, Brazil) and used in the present study. All eggs were obtained from birds of the same age, maintained under a similar environment, handling and feeding conditions.
The eggs were randomly divided into 5 treatments. Uncoated eggs were used as a control treatment. Mineral oil (Dynamics, São Paulo, Brazil) was used as a coating in another treatment to characterize the industry standards in Brazil. The other treatments consisted of coatings based on rice protein concentrate (RPC). The coatings were prepared at 5, 10, or 15% (w/w protein) using RPC (MidWay Labs, FL).
Preparation of Coating Solutions and Coating of Shell Eggs
Glycerol (Neon, São Paulo, Brazil) was then added to give a protein: plasticizer ratio of 2:1 w/w. The solutions were kept on a magnetic stirrer for 5 min and after heated in a water bath (90 • C) for 30 min (Antunes, 2003) . Then, the temperature was reduced to 25
• C and the pH adjusted to 10 with 1 N NaOH solution, for the dissolution of the proteins in the film-forming solution.
All eggs were washed with water at 42
• C and chlorine (50 ppm) was used as a sanitizer (Brazil, 1990) . The eggs were immersed for 1 min each followed by a drying time of 5 min. The clean eggs were individually submerged in the coating solutions at 24
• C for 1 min, so that the coating visibly covered the entire shell surface. The eggs were then dried (Caner and Cansız, 2008 ) and stored at a controlled ambient temperature (20
• C) for up to 8 wk in plastic trays specific for eggs. The uncoated washed eggs served as a control treatment.
Twelve eggs were immediately submitted to the quality analysis to represent the characteristics of fresh eggs (zero days of storage). Weekly during the study, 12 eggs from each group were randomly separated for quality evaluation (weight loss, Haugh unit [HU] , yolk index [YI] , and albumen pH) at each storage interval (1 to 6 wk-with an extra evaluation in the eighth week). Breaking strength measurements (12 eggs per treatment) and scanning electron microscopy of the shells (3 eggs per treatment) were performed at the end of the experiment.
Weight loss
The eggs were weighed individually using a digital precision (±0.001 g) scale (Bel, Mark M 214A, Milano, Italy) . Weight loss (%) during storage was calculated as described by Caner and Cansız (2008) Twelve eggs for each treatment were taken at weekly intervals for determination of weight loss. The weight loss was calculated weekly in relation to the respective egg weight at the beginning of the trial.
Haugh Unit
The albumen height was measured with a digital caliper (TMX PD -150, China) at a distance of 10 mm from the yolk. Afterward, the HU was obtained through the equation proposed by Haugh (1937) :
where h is the thickness of albumen (mm) and W is the mass of the entire egg (g). Based on the HU results, the eggs were graded as follows: class AA, when HU was higher than 72; class A, eggs with HU from 71 to 60; class B, eggs with HU from 59 to 31; or class C, when HU was lower than 30 (Yuceer and Caner, 2014) .
Yolk Index
The width and height of the yolk 10 (mm) were measured with a digital caliper (TMX PD -150, China). Afterward, the yolk index was calculated using the equation (Sharp and Powell, 1930) :
pH Measurements
After separation of the yolk and albumen, the dense and the fluid albumen were homogenized for 20 s, and then the pH was determined using a digital pHmeter (Kasvi model k39-2014B, Paraná, Brazil) previously calibrated with buffer solutions of pH 7 and 10 (Brazil, 1999).
Eggshell Breaking Strength
Eggshell breaking strength (puncture strength) was determined at the end of the 8-wk storage period using a texture analyzer (TA.XT Texture Analyzer, Stable Micro Systems, Surrey, England) with a 5-kg load cell. Each egg was mounted on a texture analyzer platform and the eggshell was punctured at the top (small end) using a 3-mm die probe at 5 mm s −1 constant speed and a distance of 6 mm. The trigger force used was 3 g, following the method described by Oliveira (2006) . The force (N) required to puncture the shell was recorded as the eggshell breaking strength (Yuceer and Caner, 2014) .
Ultrastructural Assessment
Three eggs from each treatment were randomly selected and lightly broken. Afterward, their eggshells were segmented with scissors in 3 parts corresponding to the apical, equatorial, and basal regions. Residual albumen was removed. Then, fragments of approximately 0.5 cm 2 were removed from each egg region. The samples were mounted on a stub, coated with goldpalladium of 35 nm for 3 min (Sputter Coater-SCD 050 Balzers, Germany), and analyzed through a scanning electron microscope (JEOL 6060, Japan) at a standard magnification of ×500.
Statistical Analysis
Statistical procedures were performed using SAS statistical software (9.4, SAS Inst. Inc., Cary, NC). The normality of the data was verified using the ShapiroWilk's test through the UNIVARIATE procedure. Afterward, the data were submitted to analysis of variance using PROC GLM, considering each egg an experimental unit. Statistical models included the effects of treatments (coating types), storage periods (weeks), and interaction (treatments by storage periods), except for eggshell breaking strength, which was evaluated only once at the end of the project and was analyzed considering only the treatment effect. Eventual differences (P < 0.05) were assessed with a Tukey multiple comparison test.
RESULTS AND DISCUSSION
The eggs evaluated at day zero presented mean HU values of 81.54, assuring their excellent quality (AA) standard according to the USDA (2000) recommendation. The other quality parameters evaluated in the beginning of the trial were also in accordance with the Brazilian legislation (Brazil, 1997), which determine minimum internal quality conditions for yolk (translucent, firm, consistent, and without germ) and albumen (transparent, consistent, limpid, no stain, and intact chalaza).
Weight Loss
Egg size and weight are measures that will influence other variables such as HU and shell thickness; consequently, the resistance of the shell is affected by the size of the eggs (Oliveira and Oliveira, 2013) . However, in this study, the egg weight did not differ (P > 0.05) between uncoated eggs (63 g) and eggs coated with mineral oil (63.09 g), neither those coated with 5% (64.56 g), 10% (64.71), and 15% (63.06). The accumulated weight loss of the eggs during the 8 wk of storage is shown in Table 1 . Weight loss increased (P < 0.001) with storage time, which was already reported in previous studies (Kim et al., 2006; Caner and Yuceer, 2015; Jones et al., 2018) . Weight loss during storage provides an important information when monitoring fresh egg quality because weight loss occurs mainly due to the transfer of moisture from the albumen to the external environment through the shell (Scott and Silversides, 2000) . Egg weight reduction may also be caused by the probable loss of ammonia, nitrogen, and hydrogen sulfide that are products of the chemical degradation of their organic constituents (Solomon, 1997) .
Treatment by time interaction (P < 0.001) was found for weight loss, with differences (P < 0.001) among treatments observed in all studied periods. Eggs from the control group (uncoated) had the highest weight loss (8.28%). Eggs coated with 5, 10, and 15% RPC showed similar weight loss among each other and intermediate values in relation to the other treatments throughout the experiment (5.60, 5.45, and 5.54%, respectively). Oil-coated eggs showed the lowest weight loss in comparison to the other treatments during the entire trial (0.87%).
Various studies have shown the enhancement effects of using coatings on the moisture loss of the eggs during storage. These effects were associated with the use of protein-based coatings, such as soy protein isolate (Biladeau and Keener, 2009 ), whey protein isolate or concentrate (Caner, 2005; Caner and Yuceer, 2015) , and zein (Caner and Yuceer, 2015) .
In this study, the mineral oil demonstrated excellent sealing properties, avoiding the evaporation of moisture and gases. These results are in accordance with Jirangrat et al. (2010) and Jones et al. (2018) , which reported reduced weight loss in eggs coated with mineral oil even after 15 wk of storage. Eggshells coated with mineral oil or RPC showed a lower surface porosity in the ultrastructural assessment (Figure 1) , which may have contributed to a lower weight loss during storage.
This demonstrates that the use of coatings may provide a protective barrier against the transfer of gases and moisture through the eggshell (Lee et al., 1996; Kim et al., 2006 ).
Haugh Unit
Haugh unit results of uncoated and coated eggs are shown in Table 2 . The HU decreased (P < 0.001) over the storage period. However, treatment by time interaction (P < 0.001) was observed, and the decrease in HU occurred more slowly in eggs coated with mineral oil or RPC compared to the uncoated ones. The fluidization and loss of viscosity of the dense albumen is a consequence of the hydrolysis of the amino acid chains, which release the water when degraded (Moreng and Avens, 1990) . The liquefaction of the dense albumen is evidenced by the reduction of HU values. These results are in agreement with Biladeau and Keener (2009 ), Wardy et al. (2011 ), and Caner and Yuceer (2015 , which also demonstrated the benefits of using different coatings on the maintenance of albumen quality.
The HU values indicated that uncoated eggs changed in quality from grade "AA" to "A" after 2 wk, and to grade "B" after 6 wk. Meanwhile, eggs coated with 5% RPC changed from "AA" to "A" after 5 wk of storage and eggs coated with mineral oil or 15% of RPC changed from "AA" to "A" only after 6 wk of storage. In this assessment, the best results were observed for eggs coated with 10% RPC, which maintained grade "AA" up to 8 wk of storage at 20
• C. This demonstrated that the use of coatings can preserve the internal egg quality (grade A maintenance) for 3 to 4 wk longer compared to uncoated eggs. Similar advantages of coatings (grade A maintenance for 4 to 5 wk) were already reported by Wardy et al. (2011) and Nongtaodum et al. (2013) for eggs stored at 25
• C.
Yolk Index
The YI of uncoated and coated eggs decreased (P < 0.001) throughout the storage (Table 3) , as already reported in previous studies (Caner, 2005; Caner and Yuceer, 2015) . After 8 wk of storage, the YI of the uncoated eggs decreased from 0.43 to 0.28, whereas eggs coated with mineral oil and 5, 10, or 15% of rice protein coated showed YI values of 0.35, 0.31, 0.32, and 0.32, respectively, at the end of the project. A fresh egg of good quality has a YI of around 0.45, whereas an older egg will have a lower YI. The higher the YI, the better is the quality of the yolk (Yuceer and Caner, 2014) . In this study, means lower than 0.3 were reported for uncoated eggs at the fifth week of storage. Coatings seem to be efficient to reduce the mass transfer rate (water and CO 2 loss) from the albumen through the eggshell during long-term storage. This process inhibits albumen liquefaction and water absorption by the yolk and minimizes a reduction in yolk quality (Caner and Yuceer, 2015) , which could explain the advantages for coated eggs in the present research.
Despite the interaction observed between storage time and different treatments (P < 0.001), the YI did not differ among treatments after 8 wk of storage. Current results are in agreement with previous studies (Caner, 2005; Yuceer and Caner, 2014; Caner and Yuccer, 2015) , which demonstrated that the use of coating was able to preserve the YI for a longer time than uncoated eggs, but only for a period shorter than 8 wk.
pH Measurement in Albumen
Albumen pH can also be used as a quality index in addition to the previously presented ones. As it is not affected by the age or strain of hen, it can be used to measure the freshness of an egg without this bias (Scott and Silversides, 2000) . Moisture and carbon dioxide in the albumen evaporate through the pores, allowing more air to penetrate the shell (Caner and Yuccer, 2015) . During storage, CO 2 escapes through the eggshell pores. The increase in albumen pH over time may be due to the loss of CO 2 and/or a change in the bicarbonate buffer system (Biladeau and Keener, 2009) 
The albumen pH varies between 7.5 and 8.5 immediately after oviposition and may rise to 9 during storage time (Scott and Silversides, 2000; Yuceer and Caner, 2014) . In this study, the albumen pH varied (P < 0.001) over the storage period (Table 4 ) with treatment by time interaction (P < 0.001). After 8 wk of storage, the pH of the uncoated eggs decreased from 8.53 to 9.18, whereas eggs coated with mineral oil and 5, 10, or 15% of rice protein coated showed pH values of 8.48, 9.11, 9.10, and 9.14, respectively. At the end of the second week of storage, the albumen of eggs coated with mineral oil or 15% of RPC presented lower (P < 0.001) pH values than uncoated eggs. In the third week, different results (P < 0.001) from the control treatment were observed in eggs coated with mineral oil and 10 or 15% of RPC. In the fourth week, only eggs coated with mineral oil and 10% of RPC showed lower (P < 0.001) albumen pH. However, after the fifth week of storage, only mineral oil was able to maintain albumen pH lower than the values observed in uncoated eggs.
The increase in albumen pH causes a decrease in egg quality. This implies that the use of mineral oil as a coating can delay the loss of CO 2 through the pores of the eggshell, acting as a barrier. Torrico et al. (2010) already observed that albumen pH in egg coated with mineral oil was lower than uncoated eggs up to 5 wk. Results are also in agreement with previous studies 1 Data are expressed as means ± standard deviations. Information was collected in 12 eggs per treatment. Statistical models included the effects of treatments (P < 0.001), storage periods (P < 0.001), and interaction (treatments by storage periods, P < 0.001).
a-d Means in the same row with different lowercase letters are significantly different (P < 0.001).
A-C Means in the same column with different capital letters are significantly different (P < 0.001).
that used protein coatings (Caner, 2005; Biladeau and Keener, 2009; Caner and Yuceer, 2015) .
Eggshell Breaking Strength
The shell is responsible to protect the egg from mechanical impact and allows a controlled exchange of fluid and gas through the pores, besides providing a protection against microbial contamination. Improving shell quality is important in the poultry industry because it may be related to a reduction on egg breaking. The use of coatings may be an edible tool to improve the shell quality (Caner and Yuceer, 2015) , mainly because they can increase the eggshell thickness and, consequently, the eggshell breaking strength. However, in this study, eggshell breaking strength did not differ (P > 0.05) between uncoated eggs (4.51 kg force) and eggs coated with mineral oil (3.66 kg force), neither compared to those coated with 5% (4.04 kg force), 10% (3.67 kg force), and 15% (3.38 kg force) RPC after 8 wk of storage. Although previous studies have described improvements to shell quality and reduction of eggshell breakage after coating application (Xie et al, 2002; Caner and Cansız 2008; Caner and Yuceer, 2015) , this characteristic seems to be associated with specific properties of the coatings used and was not observed in this trial.
CONCLUSIONS
Rice protein coating can be used for extending the shelf life of eggs in the storage period. Coating with different percentages of RPC in solution, especially 10 and 15% RPC, is an effective way to preserve the interior quality of eggs in the room temperature. These facts may help egg industry in decreasing economic losses during storage. The loss of albumen and yolk quality is influenced by the capacity of the coating to block the pores on the surface of the shell. In general, the effects of coatings on albumen and yolks are favorable, indicating that the use of RPC-based coating may be a viable alternative to maintain functional properties (HU, YI, pH) of the eggs, which are adversely affected by storage period. Future studies are needed to verify the use of RPC-based coatings associated with the presence of active antimicrobial agents in order to minimize contamination by microorganisms.
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